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ABSTRACT 

Power quality is an essential factor for a stable power system operation. This has become a significant concern 

due to the increasing complexity of modern electrical networks and malfunctions of sensitive electronic devices. 

This work presents a comprehensive study on the evaluation and improvement of power quality on 11KV 

Ekwuluobia - Isuofia distribution network. The research focuses on identifying common power quality issues 

such as voltage sags, swell, harmonics, transient and interruptions that affect the reliability and performance of 

the distribution network. Various power quality evaluation techniques were studies, but D-STATCOM FACTS 

device was employed for the improvement of the power quality with the use of MATLAB/Simulink S-Transform 

model for the detection of various power quality problems. Based on the evaluation results, this research 

proposes effective strategy such as the use of D-STATCOM for the improvement of the power quality. The 

findings in this research aim to assist utilities engineers and stakeholders in enhancing power quality standard, 

optimizing system performance and ensuring efficient operation of the 11KV distribution network. 
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I. INTRODUCTION 

The primary function of the electrical distribution network is to deliver electricity from the 

transmission system to end-users, including residential, commercial, and industrial consumers. It ensures that 

electrical power generated at power plants reaches users in a usable form. 

Power is typically generated at high voltages for efficient long-distance transmission and then stepped 

down to lower voltages suitable for consumer use. The distribution network includes transformers that perform 

this voltage transformation, ensuring that electricity can be safely and effectively used by different types of loads. 

A well-designed distribution network ensures reliable and continuous supply of electricity. It includes 

features like redundancy, fault tolerance, and automated control systems to minimize outages and quickly 

restore power in case of faults. 

Distribution networks help in managing and balancing the load across different areas. By monitoring 

and controlling the flow of electricity, utilities can ensure that no part of the network is overloaded, which 

helps in maintaining system stability and preventing blackouts. 

Modern distribution networks facilitate the integration of distributed energy resources (DERs), such as 

solar panels and wind turbines, which are often connected at the distribution level. This helps in promoting 

sustainable energy solutions and reducing reliance on fossil fuels (Engel, et al 2002). 

Distribution networks are equipped with various devices to regulate voltage and ensure power quality. 

This includes maintaining voltage levels within specified limits, reducing harmonics, and minimizing power 

losses, which is crucial for the proper functioning of electrical equipment. 

In summary, evaluating the power quality of the distribution network is essential for protecting 

equipment, ensuring system reliability, improving energy efficiency, achieving economic benefits, complying 

with regulations, enhancing customer satisfaction, integrating renewable energy sources, and guiding future 

planning and investments. 

 

II. METHODOLOGY 

The data needed for the evaluation and improvement of the power quality of the Ekwuluobia – Isuofia 

11KV power distribution network include; the distribution electrical quantities (line voltage, current, frequency, 

line length etc). The material needed in this research work are MATLAB/Simulink software. 
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Figure 1.0: Process Flow Block Diagram 

 

Evaluation of power quality is paramount, hence figure 

1.0 describes the process of evaluation and mitigation of the power quality faults. 

 

 
Figure 2.0: Flowchart of the Process 

 

Figure 2.0 describes the process of evaluation and mitigation of the power quality faults using the modeled 

Distribution Static Compensator (D-STATCOM). 

The distribution network is modeled using the MATLAB/Simulink software. The pre-fault and fault 

parameters of the distribution network were extracted by connecting the S-Transform model to the distribution 

network to check if there are power quality faults or not. The network continues its operation when there are no 

power quality problems. But power quality faults occur in the system due to load variations, other natural factors 

such as lightning etc but are mitigated using D- STATCOM. 
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A. Modeling of the Distribution Network 

 

 
 

Figure 3.0: 11kV, 3Km Ekwuluobia – Isuofia Distribution Network 

 

Table 1.0 is the distribution network parameters extracted from Ekwuluobia-Isuofia distribution network 

modeled using MATLAB/Simulink. 

 

Table 1.0: Distribution Network Parameters 

 
 

The Ekwuluobia – Isuofia 11kV, 3Km Distribution Network is modeled on the MATLAB/Simulink 

using simcape power system toolbox. The network figure 3.0 consists of a programmable voltage source which 

supplies 11kV voltage through the network. It also feeds the entire Ekwuluobia and the Isuofia region. The 

network contains a variable load which when varied will yield different pre-fault and fault voltage and current 

magnitudes for different power quality faults shown in figures 11, 12, 15 and 16. 
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Table 2: Three -Phase Parameters of Ekwuluobia – Isuofia 11kV, 3Km Distribution Network 

 

 
 

Table 3: Three -Phase Pre-fault and Fault S-Transform Signal Parameters of Ekwuluobia – Isuofia 11kV, 3Km 

Distribution Network 

 
 

Table 4: Result Analysis of the D-STATCOM Application 

for Mitigation of Power Quality Problems on the Ekwuluobia – Isuofia 11kV, 3Km Distribution Network 

 
 

From tables 1, illustrates the distribution network conditions and its parameters. It can be seen from the 

table that, when the network is simulated without fault, S-Transform voltage magnitude was larger than current 

counterpart. But, when three phase fault was simulated, the S-Transform was able to detect the fault and gave 

results that show that, the voltage magnitude dropped to 0.0pu while the current increased to above 100.2 pu, 

50pu and 100pu for the three phases. Figure 4.2 show that, the S-Transform and its Energy Signal of pre-fault 

voltage and current are lesser that of three-phase fault. This was because of the presents of fault on the line 

detected by the S-Transform MATLAB/Simulink model in chapter three. Figure 4.3 show drastic increase in 

reactive power as the load increases. This due to compensation of D-STATCOM on the distribution line by  

injecting  reactive  power  into  the  system  to compensate for voltage drop due to power quality 

problems. 

 

III. Conclusion 

The demand for electric power is increasing at an exponential rate and at the same time the quality of 

power delivered became the most prominent issue in the power sector. Thus, to maintain the quality of power the 

problems affecting the power quality should be treated efficiently. Among the different power quality problems, 

voltage sag is one of the major one affecting the performance of the end user appliances. In this project the 

methods to mitigate the voltage sag are presented. From this project, the following conclusions are made; 

Among the different methods to mitigate the power quality problems, the use of FACT devices is the 

best method. The D-STATCOM is helpful in overcoming the voltage unbalance problems in power system. D- 

STATCOM is a shunt connected device and injects current into the system. Its devices are connected to the 

power network at the point of interest to protect the critical loads. It has other advantages like harmonic 

reduction, power factor correction. 

The D-STATCOM require a greater number of power electronic switches and storage devices for their 

operation. To overcome this problem, PWM switched auto-transformer is used for mitigating the voltage sag. 

The power quality improvement by using DSTATCOM has been presented in this research. Analysis of 

the DSTATCOM model was done and it was developed in MATLAB/Simulink with power system block 

toolbox. Here, its control system is designed in MATLAB Simulink. Therefore, DSTATCOM provides fast 

acting dynamic reactive compensation for voltage support during voltage flicker events. 

Here the number of switches required are less and hence the switching losses are also reduced. The size 

and cost of the device are less and hence PWM switched auto transformer is an efficient and economical 

solution for voltage sag mitigation. 

This research on power quality problem mitigation using D-STATCOM and fault detection using S-

Transform significantly advances the current understanding and capabilities in power system management. D- 

STATCOM offer dynamic voltage regulation, harmonic mitigation, power factor correction, and improved 
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transient stability, leading to enhanced power quality and economic benefits. Meanwhile, the application of S- 

Transform for fault detection introduces a highly accurate, real-time, and reliable method for identifying and 

localizing three-phase faults, contributing to the robustness and reliability 
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